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Abstract
The first line of treatment for lumbar spinal stenosis (with or without lumbar degenerative
spondylolisthesis) involves conservative options such as anti-inflammatory drugs and
analgesics. Approximately, 10%-15% of patients require surgery. Surgical treatment aims to
decompress the spinal canal and dural sac from degenerative bony and ligamentous
overgrowth. Different studies have given conflicting results. The aim of our study is to clear the
confusion by comparing two surgical techniques. This meta-analysis was conducted in
accordance with the preferred reporting items for systematic reviews and meta-analysis
(PRISMA) guidelines. A literature search was conducted of the Ovid Embase, Scopus, Pubmed,
Ovid Medline, Google Scholar, and Cochrane library databases. A quality and risk of bias
assessment was also done. The analysis was done using Revman software (The Nordic Cochrane
Centre, The Cochrane Collaboration, 2014, Copenhagen, Denmark).
A total of 76 studies were extracted from the literature search and 29 studies with relevant
information were shortlisted. Nine studies were included in the meta-analysis after a quality
assessment and eligibility. Fusion with decompression surgery was found to be a better
technique when compared to decompression alone for spinal stenosis in terms of the Oswestry
Disability index and the visual analog pain scale for back and leg pain. On the basis of the meta-
analysis of the recent medical literature, the authors concluded that decompression with fusion
is a 3.5-times better surgical technique than decompression alone for spinal stenosis.
Categories: Neurology, Neurosurgery
Keywords: spinal stenosis, decompression surgery, fusion surgery, oswestry disability index
Introduction And Background
Lumbar spinal stenosis (LSS) is defined as the narrowing of the lumbar spinal canal and nerve
root canals due to hypertrophic lesions of the facet joints, ligamentum flavum, and inter-
vertebral discs, which leads to a debilitating compression of the spinal nerves and blood vessels
[1-2]. It is one of the most prevalent spinal disorders in the elderly. Its incidence appears to be
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rising and it is estimated that by the year 2025, about 64-million elderly will be affected by it
[3]. LSS often occurs in combination with lumbar degenerative spondylolisthesis (LDS), which,
in turn, is defined as the slipping forward of one lumbar vertebra on another with an intact
neural arch [4]. The first line of treatment for LSS (with or without LDS) involves conservative
options, such as anti-inflammatory drugs and analgesics. Approximately 10%-15% of patients
develop an incapacitating back and/or leg pain (BP and/or LP), which requires surgery [5].
Surgical treatment aims to decompress the spinal canal and dural sac from degenerative bony
and ligamentous overgrowth [6]. Conventional surgical options include decompression (D) and
decompression plus fusion (D+F) [7]. The aim of lumbar decompression is to decompress the
neural elements while preserving stability [8]. If the lumbar spine is unstable, an instrumented
fusion is performed in addition. The immobilization of one or more motion segments by fusion
techniques involves joining two or more vertebrae permanently into one solid bone with no
space between them [9].
Different studies have given conflicting results with some finding that decompression alone
was associated with more favorable outcomes in spinal stenosis measure (SSM) scores and
others demonstrating better outcomes with the added effect of fusion [6,10]. Evidence indicates
that patients with lumbar spinal stenosis, without deformity or instability, treated with wide
decompression, may suffer from iatrogenic lumbar instability [7].
A recent meta-analysis published by Chen et al compared D and D+F in patients with LDS. The
study concluded that D+F did not yield better clinical outcomes than D alone [11]. Our study
aims to assess the additive effect of fusion on decompression surgery and to ascertain if D+F is




We conducted this meta-analysis in accordance with the preferred reporting items for
systematic reviews and meta-analysis (PRISMA) guidelines. A detailed literature search was
conducted by two independent authors using the keywords “spinal fusion surgery,” “spinal
decompression surgery,” “spinal stenosis,” “Oswestry Disability index,” and “degenerative
spondylolisthesis” to search the Ovid Embase, Scopus, Pubmed, Ovid Medline, Google Scholar
and Cochrane library databases. Relevant terms or synonyms other than keywords were utilized
to conduct a comprehensive search in accordance with the pre-specified eligibility criteria. All
the searched articles were exported and cited through Endnote. The search strategy was limited
to medical literature in English, published from 2012 to 2018. In cases of an unavailability of
the full text or incomplete data, the corresponding author was contacted.
Eligibility Criteria
The study types included in our research were randomized controlled trials and both
prospective and retrospective cohort studies. However, case reports, letters to the editor,
commentaries, cross-sectional surveys, and documentaries were excluded but used only to
bridge and link the outcomes of our study with past medical research for discussion. Moreover,
studies in non-English literature, studies which assessed the outcome in pathologies other than
intracranial aneurysms, studies without definitive numbers or values, experimental animal
trials, and studies with figurative or graphical results presentation without any particular
numerical values were also excluded from this research. Two independent authors retrieved the
required data in accordance with the mentioned eligibility criteria. Any disagreement was
resolved by a collaborative discussion.
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Data Collection
Studies were assessed and data were extracted by two independent reviewers according to
PRISMA guidelines. Data were collected and compiled on a predefined evidence table. Articles
were selected on the basis of relevance to the topic, appropriate sample size, sampling
technique, and randomization. The collected data include author, year of publication, sample
size, study design, Oswestry disability index (ODI), visual analog pain score (VAS) for back pain,
VAS for leg pain, and the statistical results of the study (relative risk, confidence interval, and
p-value). Any disagreement was resolved with a collaborative consensus.
Quality Assessment and Risk of Bias
To assess the quality of extracted data, the Newcastle-Ottawa scale was used for cohort studies
and the Jadad scale (also known as the Oxford quality scoring system) was utilized for
randomized controlled trials. To avoid any risk of bias, we evaluated data using the Cochrane
risk of bias tool, which analyzed the data in terms of allocation concealment, blinding,
sequence generation, selective outcome reporting, and incomplete outcome data.
Data Analysis and Primary Outcomes
The data was entered on RevMan version five (The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014, Copenhagen, Denmark) and analyzed using a forest plot for a visual
estimation of the meta-analysis. The test for heterogeneity was also done (p-value <0.05). A
fixed effect model with the inverse variance method was used to obtain the overall mean
difference estimates and the 95% confidence interval (CI) in order to assess the effect of fusion
surgery with decompression and decompression surgery alone on the Oswestry disability index




We selected 76 articles (which included cohorts, case-control studies, randomized trials, and
reviews) on the basis of relevant titles and abstracts after a systematic review. After going
through the abstracts of selected articles, 19 duplicates were excluded from the selected pool.
The remaining 57 articles were screened for the required information. Another pool of
28 articles was removed after a screening of titles and abstracts. Removal was on the basis of
non-English language literature and the unavailability of the full text of articles. The balance
29 full-text articles were assessed in accordance with the eligibility criteria out of which nine
articles were finalized for quantitative synthesis [12-20].
Overall Outcomes
A total of 2929 patients were analyzed in the fusion with decompression group while 2779
patients were analyzed in the decompression group. Decompression with fusion was found to
be 2.55 times better as compared to decompression alone in terms of the Oswestry Disability
index (mean difference -1.73, CI 95%, {-3.05, -0.40}). The decompression with fusion group was
also found 2.1 times (p=0.01) superior than the decompression alone group in terms of visual
analog pain scale for back pain (mean difference -3.0, CI 95%, (-5.76, -0.24)) and 1.4 times
(p=0.03) superior for leg pain (mean difference -2.35, CI 95%, (-2.35, 0.740)). The overall effect
showed fusion with decompression as a 3.54 times better surgical technique over
decompression alone for spinal stenosis (p=0.0004) (mean difference -2.02, CI 95%, (-3.13, -
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0.90)). The detailed meta-analysis forest plot is shown in Figure 1. The heterogeneity test was
also performed and the overall heterogeneity in the meta-analysis was only 16% (Chi-
square=19.09, difference=16, p-value=0.14). The funnel plot for heterogeneity is shown in
Figure 2.
FIGURE 1: Descriptive representation of the meta-analysis
through a forest plot
FIGURE 2: Presentation of heterogenicity through a funnel plot
2018 Ahmed et al. Cureus 10(8): e3135. DOI 10.7759/cureus.3135 4 of 7
Discussion
Our meta-analysis compared the outcome of D versus D+F in terms of ODI, VAS (leg pain and
back pain). Studies conducted in the past suggest that a radiographically detectable instability
of the posterior elements of the spine require fusion surgery along with decompression for
favorable postoperative outcomes [21-22]. Similarly, in our meta-analysis, we found fusion
with decompression to be better than decompression alone in terms of ODI index and visual
analog pain scale.
However, in contrast to our findings, a meta-analysis study showed that the addition of fusion
did not result in improved clinical outcomes compared to D over a follow-up period of two
years [23]. Similar to our findings, Li et al. concluded that D+F showed less favorable outcomes
in terms of ODI, length of hospital stay, and blood loss in comparison with D alone (using
coflex). They did not find any significant difference in VAS and major device-related
complications, which is in contrast to our findings [24]. Another international study showed
that both the D and D+F groups resulted in reduced VAS LP and BP [25]. Aihara et al. reported
higher postoperative scores in the D alone group. However, their results were not statistically
significant. Also, less blood loss and shorter post-operative hospitalization were observed in
the D alone group [26].
Similar to our findings, high rates of satisfaction and decreased leg pain scores were observed
in patients with lumbar degenerative spondylolisthesis, who underwent D+F rather than D
alone [27]. However, another study suggested that the degree of satisfaction two years after
surgery was slightly higher in patients who underwent D alone [28].
Conclusions
On the basis of a meta-analysis of the recent medical literature, authors concluded that
decompression with fusion is a 3.5 times better surgical technique compared to decompression
alone for spinal stenosis in terms of Oswestry disability index and visual analog pain scale for
back pain and leg pain.
Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors
declare the following: Payment/services info: All authors have declared that no financial
support was received from any organization for the submitted work. Financial relationships:
All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or
activities that could appear to have influenced the submitted work.
References
1. Deasy J: Acquired lumbar spinal stenosis . JAAPA. 2015, 28:19-23.
10.1097/01.JAA.0000462052.47882.fd
2. Oba H, Tsutsumimoto T, Yui M, Kamanaka T, Ohta H, Kosaku H, Misawa H: A prospective
study of recovery from leg numbness following decompression surgery for lumbar spinal
stenosis. J Orthop Sci. 2017, 22:670-675. 10.1016/j.jos.2017.04.004
3. Wu AM, Tong TJ, Wang XY: A rethink of fusion surgery for lumbar spinal stenosis. J Evid
Based Med. 2016, 9:166-169. 10.1111/jebm.12215
4. Weinstein JN, Lurie JD, Tosteson TD, et al.: Surgical versus nonsurgical treatment for lumbar
2018 Ahmed et al. Cureus 10(8): e3135. DOI 10.7759/cureus.3135 5 of 7
degenerative spondylolisthesis. N Engl J Med. 2007, 356:2257-2270. 10.1056/NEJMoa070302
5. Kelleher MO, Timlin M, Persaud O, Rampersaud YR: Success and failure of minimally invasive
decompression for focal lumbar spinal stenosis in patients with and without deformity. Spine.
2010, 35:E981-E987. 10.1097/BRS.0b013e3181c46fb4
6. Ulrich NH, Burgstaller JM, Pichierri G, et al.: Decompression surgery alone versus
decompression plus fusion in symptomatic lumbar spinal stenosis: a Swiss prospective
multicenter cohort study with 3 years of follow-up. Spine. 2017, 17:S164.
10.1016/j.spinee.2017.07.245
7. Donnarumma P, Tarantino R, Nigro L, Rullo M, Messina D, Diacinti D, Delfini R:
Decompression versus decompression and fusion for degenerative lumbar stenosis: analysis of
the factors influencing the outcome of back pain and disability. J Spine Surg. 2016, 2:52-58.
10.21037%2Fjss.2016.03.07
8. Moisi M, Fisahn C, Tkachenko L, et al.: Unilateral laminotomy with bilateral spinal canal
decompression for lumbar stenosis: a technical note. Cureus. 2016, 8:e623.
10.7759%2Fcureus.623
9. Kalff R, Ewald C, Waschke A, Gobisch L, Hopf C: Degenerative lumbar spinal stenosis in older
people: current treatment options. Dtsch Arztebl Int. 2013, 110:613-624.
10.3238%2Farztebl.2013.0613
10. Ghogawala Z, Benzel EC, Amin-Hanjani S, et al.: Prospective outcomes evaluation after
decompression with or without instrumented fusion for lumbar stenosis and degenerative
Grade I spondylolisthesis. J Neurosurg Spine. 2004, 1:267-272. 10.3171/spi.2004.1.3.0267
11. Chen Z, Xie P, Feng F, Chhantyal K, Yang Y, Rong L: Decompression alone versus
decompression and fusion for lumbar degenerative spondylolisthesis: a meta-analysis. World
Neurosurg. 2017, 111:e165-e177. 10.1016/j.wneu.2017.12.009
12. Austevoll IM, Gjestad R, Brox JI, et al.: The effectiveness of decompression alone compared
with additional fusion for lumbar spinal stenosis with degenerative spondylolisthesis: a
pragmatic comparative non-inferiority observational study from the Norwegian Registry for
Spine Surgery. Eur Spine J. 2017, 26:404-413. 10.1007/s00586-016-4683-1
13. Davis R, Auerbach JD, Bae H, Errico TJ: Can low-grade spondylolisthesis be effectively treated
by either coflex interlaminar stabilization or laminectomy and posterior spinal fusion? Two-
year clinical and radiographic results from the randomized, prospective, multicenter US
investigational device exemption trial. J Neurosurg Spine. 2013, 19:174-184.
10.3171/2013.4.spine12636
14. Forsth P, Olafsson G, Carlsson T, et al.: A randomized, controlled trial of fusion surgery for
lumbar spinal stenosis. N Engl J Med. 2016, 374:1413-1423. 10.1056/NEJMoa1513721
15. Forsth P, Michaelsson K, Sanden B: Does fusion improve the outcome after decompressive
surgery for lumbar spinal stenosis?: A two-year follow-up study involving 5390 patients. Bone
Joint J. 2013, 97B:960-965. 10.1302/0301-620X.95B7.30776
16. Ghogawala Z, Dziura J, Butler WE, et al.: Laminectomy plus fusion versus laminectomy alone
for lumbar spondylolisthesis. N Engl J Med. 2016, 374:1424-1434. 10.1056/NEJMoa1508788
17. Postacchini F, Postacchini R, Menchetti PP, Sessa P, Paolino M, Cinotti G: Lumbar
interspinous process fixation and fusion with stand-alone interlaminar lumbar instrumented
fusion implant in patients with degenerative spondylolisthesis undergoing decompression for
spinal stenosis. Asian Spine J. 2016, 10:27-37. 10.4184/asj.2016.10.1.27
18. Sigmundsson FG, Jönsson B, Strömqvist B: Outcome of decompression with and without
fusion in spinal stenosis with degenerative spondylolisthesis in relation to preoperative pain
pattern: a register study of 1,624 patients. Spine J. 2015, 15:638-646.
10.1016/j.spinee.2014.11.020
19. Truszczyńska A, Rąpała K, Łukawski S, Trzaskoma Z, Tarnowski A, Drzal-Grabiec J, Cabak A:
Evaluation of functional outcomes in individuals 10 years after posterior lumbar interbody
fusion with corundum implants and decompression: a comparison of 2 surgical techniques.
Med Sci Monit. 2016, 20:1400-1406. 10.12659%2FMSM.890545
20. Yagi M, Fujita N, Okada E, et al.: Comparisons of direct costs, outcomes, and cost-utility of
decompression surgery with fusion versus decompression alone for degenerative lumbar
spondylolisthesis. J Orthop Sci. 2018, 23:653-657. 10.1016/j.jos.2018.04.001
21. Grob D, Humke T, Dvorak J: Degenerative lumbar spinal stenosis. Decompression with and
without arthrodesis. J Bone Joint Surg Am. 1995, 77:1036-1041.
22. Rompe JD, Eysel P, Zöllner J, Nafe B, Heine J: Degenerative lumbar spinal stenosis . Neurosurg
2018 Ahmed et al. Cureus 10(8): e3135. DOI 10.7759/cureus.3135 6 of 7
Rev. 1999, 22:102-106. 10.1007/s101430050040
23. Chang W, Yuwen P, Zhu Y, Wei N, Feng C, Zhang Y, Chen W: Effectiveness of decompression
alone versus decompression plus fusion for lumbar spinal stenosis: a systematic review and
meta-analysis. Arch Orthop Trauma Surg. 2017, 137:637-650. 10.1007/s00402-017-2685-z
24. Li AM, Li X, Yang Z: Decompression and coflex interlaminar stabilisation compared with
conventional surgical procedures for lumbar spinal stenosis: a systematic review and meta-
analysis. Int J Surg. 2017, 40:60-67. 10.1016/j.ijsu.2017.02.056
25. Kim HJ, Park JH, Kim JW, Kang KT, Chang BS, Lee CK, Yeom JS: Prediction of postoperative
pain intensity after lumbar spinal surgery using pain sensitivity and preoperative back pain
severity. Pain Med. 2014, 15:2037-2045. 10.1111/pme.12578
26. T Aihara, T Toyone, Y Aoki, T Ozawa, G Inoue, K Hatakeyama, J Ouchi: Surgical management
of degenerative lumbar spondylolisthesis: a comparative study of outcomes following
decompression with fusion and microendoscopic decompression. J Musculoskeletal Research.
2012, 15:1250020. 10.1142/S0218957712500200
27. Liang HF, Liu SH, Chen ZX, Fei QM: Decompression plus fusion versus decompression alone
for degenerative lumbar spondylolisthesis: a systematic review and meta-analysis. Eur Spine J.
2017, 26:3084-3095. 10.1007/s00586-017-5200-x
28. Matsudaira K, Yamazaki T, Seichi A, Takeshita K, Hoshi K, Kishimoto J, Nakamura K: Spinal
stenosis in grade I degenerative lumbar spondylolisthesis: a comparative study of outcomes
following laminoplasty and laminectomy with instrumented spinal fusion. J Orthop Sci. 2005,
10:270-276. 10.1007/s00776-005-0887-7
2018 Ahmed et al. Cureus 10(8): e3135. DOI 10.7759/cureus.3135 7 of 7
